INTRODUCTION {#sec1-1}
============

The presence of accessory canals and apical ramifications may hamper chemomechanical preparation and leads to failure of nonsurgical root canal therapy. Surgical approach then, is the treatment of choice which involves resecting the apical portion of the root, preparing a root-end cavity and filling it with root-end filling material.\[[@ref1]\] The rationale behind this is to remove 98% of apical ramifications and 93% of lateral canals.\[[@ref2]\]

While doing root-end cavity preparation, many instruments and techniques have been used. Latest among them are the use of laser\[[@ref3]\] and ultrasonic retrotips.\[[@ref4]\]

Erbium:yttrium-aluminium-garne (Er:YAG) laser has a high potential for ablating hard tissues with less heat generation because of their high water absorption characteristics.\[[@ref5]\] The ultrasonic retrotips allows cleaner and deeper root-end cavity preparations. They are considered to be faster and more effective in producing quality root-end preparations.\[[@ref6]\]

Mineral trioxide aggregate (MTA), which is biocompatible and has the capacity to induce osteointegration\[[@ref7]\] and Biodentin which has the ability to create a micromechanical bond formation with dentin have been used as root-end filling materials.\[[@ref8]\]

Marginal adaptation and bond strength of root-end filling materials are crucial factors for endodontic success because most endodontic failures arise from leakage at the root-end.\[[@ref9]\]

The push-out test is used to measure the interfacial shear strength developed between different surfaces. It provides information about the adhesiveness of the tested material to the surface.\[[@ref10]\]

Therefore, in the present study, push-out bond strength of MTA and Biodentine were tested in root-end cavities prepared by Er:YAG laser and ultrasonic retrotip.

MATERIALS AND METHODS {#sec1-2}
=====================

Forty freshly extracted maxillary permanent anteriors and canines devoid of any caries were selected and stored in distilled water until use.

A conventional endodontic access opening was done in all the samples, and working length for each tooth was recorded with the help of the K file (Mani Inc., Japan). Chemomechanical preparation was done with hand K files using step-back technique. Apical preparation was done till ISO tip size 70. Irrigation was done using 5 ml of 3% sodium hypochlorite (Prevest Denpro Limited, India) and 5 ml of 0.9% normal saline (Beryl, MP, India) solution alternatively after each instrumentation. Ethylenediaminetetra aceticacid (MetaBiomed^®^ Co. Ltd, Korea) was used as a lubricant with each instrument. For the final flush, normal saline was used after which the canals were dried with sterile paper points (MetaBiomed^®^ Co. Ltd., Korea) and obturation was done using 2% gutta-percha points (DiaDent Group International Inc., Canada) and resin-based sealer using cold lateral compaction technique. All teeth were stored in normal saline at room temperature for 24 h.

Root-end resections were performed by removing 3 mm of the apical portion of the root perpendicular to the long axis of root with a low-speed diamond disc using a straight handpiece (Marathon 3 Plus, India). Apical gutta-percha was removed from the apical end of resected root using a heat carrying instrument.

The specimens were randomly divided into four groups of 10 samples each, based on the method of root-end cavity preparation and root-end filling material used.

Method of cavity preparation {#sec2-1}
----------------------------

3-mm deep root-end cavities were prepared either using Er:YAG laser (Lite Touch™, Syneron dental lasers, Israel) with energy of 100 mJ and frequency 10 Hz or diamond coated ultrasonic retro tips (\[ED 11, Wood Pecker, China\] on a piezoelectric unit at a frequency of 32 KHz and medium power setting with distilled water irrigation according to the division of groups.

Group I: Root-end cavities were prepared using Er:YAG laser and later filled with MTA (Dentsply Tulsa, USA) which was prepared according to the manufacturer\'s instructions with a powder-to-liquid ratio of 3:1Group II: Root-end cavities were prepared using Er:YAG laser and later filled with Biodentine (Septodont, France). It was prepared by adding 5 drops of its liquid into the capsule containing powder and then mixed in a triturator for 30 s, at 4300 oscillations per minuteGroup III: Root-end cavities were prepared with diamond coated ultrasonic retrotrip. After that, root-end cavities were filled with MTA following the same procedure as in Group IGroup IV: Root-end cavities were prepared with the ultrasonic retrotip and filled with Biodentine following the same procedure as in Group II.

All samples were stored in 100% humidity for 21 days in a humidifier at 37°C.

The apical portion of each resected root was sectioned perpendicular to the long axis into 2-mm thick slice with a low-speed diamond disc using a straight handpiece.

The push-out bond strength was evaluated using a universal testing machine (Instron India Pvt., Ltd.) at a speed of 1 mm/min by keeping specimens in an apico-coronal direction. The specimen were kept in the prefabricated jig and the bond failure was checked by the extrusion of the root-end filling material into the mounting jig \[[Figure 1](#F1){ref-type="fig"}\]. The maximum load applied to the filling materials was recorded in Newtons (N) and that values were used to calculate the push-out bond strength in Megapascals (MPa) as per the surface area of specimens. The formula used to calculate the bond strength was:

![Ring placed in jig and plunger mounted in universal testing machine](JCD-22-396-g001){#F1}

MPa = *N*/2 πrh

Where *N* = the maximum load for each specimen,

*r* = root canal radius in mm,

*h* = the thickness of the root dentin disc in millimeters and

π =3.14.

Statistical analysis {#sec2-2}
--------------------

The results are presented in mean ± standard deviation. The two-way analysis of variance was used to compare the push-out bond strength of MTA and Biodentine in the root-end cavity preparation. The *post hoc* Tukey test was used to compare the push-out bond strength of two root-end filling materials (MTA and Biodentine) in root-end cavities prepared by laser or ultrasonic technique. The *P* \> 0.05 was considered to be statistically nonsignificant. All the analysis was carried out using the SPSS 16.0 version (Chicago, Inc., USA).

RESULTS {#sec1-3}
=======

[Graph 1](#F2){ref-type="fig"} shows the mean values and standard deviation among all the four groups.

![Descriptive values of all the groups](JCD-22-396-g002){#F2}

It shows that the Group-III has the maximum push-out bond strength and Group-II has least push-out bond strength among all the four groups.

[Table 1](#T1){ref-type="table"} shows the difference between push-out bond strength of root-end filling materials used was statistically nonsignificant.

###### 

Comparison between mineral trioxide aggregate and Biodentine

  Comparison between the type of material used   *P*     Significance
  ---------------------------------------------- ------- ----------------
  MTA\* and Biodentine                           0.318   Nonsignificant

\*MTA: Mineral trioxide aggregate

[Table 2](#T2){ref-type="table"} shows the effect of different methods of root-end cavity preparation (laser and ultrasonic retro tip) on the push-out bond strength of root-end filling materials to prepare cavity walls. Results were found to be statistically nonsignificant.

###### 

Comparison between laser and ultrasonic RetroTip

  Comparison between the methods used to prepare a cavity   *P*     Significance
  --------------------------------------------------------- ------- ----------------
  Laser and ultrasonic retrotip                             0.464   Nonsignificant

DISCUSSION {#sec1-4}
==========

If nonsurgical root canal treatment followed by retreatment attempts prove unsuccessful, then surgical periapical surgery followed by root-end resection and the periapical seal may be needed to save the tooth. While doing root-end resection, at least 3 mm of the root-end must be cut to reduce 98% of the apical ramifications and 93% of the lateral canals.\[[@ref11]\]

The presence of obturating material effects the efficacy of both laser and ultrasonic tips.\[[@ref12]\] Therefore, apical gutta-percha was removed using a heat carrying instrument before starting with the root-end cavity preparation procedure in this study.

According to Arens, Class I root-end cavity prepared parallel to the long axis of the root, 3 mm deep in the center of the root exhibits the least leakage.\[[@ref13]\] Therefore, in this study, Class I root-end cavities were prepared.

The bond strength of root-end filling materials to root canal walls is an important factor because it is beneficial in maintaining the integrity of the cement-dentin interface.\[[@ref14]\] In push-out strength test, there is uniform stress distribution at the dentin-cement interface.\[[@ref15]\] Hence, push-out bond strength test may be more efficient, practical and reliable method to check the bond strength of cement to dentin. Hence, this test was used in this study.

In the present study, the push-out bond strength values of root-end filling materials to dentin walls of root-end cavities prepared with Er: YAG laser was lower than that of cavities prepared with diamond coated ultrasonic retrotip. The reason behind this may be, the irradiation with laser causes an irregular and rough surface of dentin which might affect the bond strength of root-end filling materials to dentinal walls of root-end cavities because of their incomplete penetration into the irregularities due to their high viscosity.\[[@ref16]\] Moreover, gap was observed by between root-end filling materials and lased dentin surface, which indicated inappropriate adaptation of root-end filling material.\[[@ref17]\]

Smear layer is a moist layer which might act as a coupling agent, which in turn improves the adaptation of hydrophilic materials such as MTA or Biodentine to the dentinal walls.\[[@ref18]\] However, laser results in the removal of the smear layer. El-Ma\'aita *et al*. examined the effects of smear layer on push-out bond strength of Biodentine and pro-root MTA. They found that push-out bond strength decreases with the removal of the smear layer.\[[@ref19]\]

Based on the findings of this study, MTA had greater push-out bond strength than Biodentine. This is in accordance with *in vitro* study conducted by Uzunoglu *et al*. who also showed the same results. They also compared the effect of mixing techniques on the push-out bond strength of Biodentine and found decreased values when Biodentine was mixed mechanically.\[[@ref20]\] This was in accordance with our study as we mixed Biodentine mechanically and found less bond strength values of Biodentine.

In the present study, the analysis of the mean push-out bond strength values of each group revealed that there were nonsignificant differences among all the groups (*P* \> 0.05). In this study, the ultrasonic tip group, using MTA as a root-end filling material showed the maximum push-out bond strength and the Laser group, using Biodentine as a root-end filling material showed the least push-out bond strength.

According to Vallés *et al*., Biodentine has higher push-out bond strength than MTA after 24 h of setting time.\[[@ref21]\] After 7 days, MTA and Biodentine have similar push-out bond strength.\[[@ref22]\] Gancedo-Caravia and Garcia-Barbero showed that if MTA is kept under wet conditions for 3--21 days, its push-out bond strength increases significantly, indicating prolonged maturation process of the material.\[[@ref23]\] According to Torabinejad *et al*. push-out bond strength of MTA increases under wet conditions after being immersed in 21 days.\[[@ref1]\] Therefore, in the present study, samples were kept under wet conditions for 21 days to allow optimal hydration, solidification and to achieve optimal strength before testing.

CONCLUSION {#sec1-5}
==========

The difference between push-out bond strength of root-end filling materials used was statistically nonsignificant. The root-end cavities prepared by ultrasonic retrotip and filled with MTA had maximum push-out bond strength and root-end cavities prepared by laser and filled with Biodentine had least push-out bond strength. The effect of different methods of root-end cavity preparation (laser and ultrasonic retro tip) on the push-out bond strength of root-end filling materials to prepare cavity walls was statistically nonsignificant.
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